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ELECTRICALLY ERASABLE PROGRAMMABLE READ 
ONLY MEMORY (EEPROM) CELLS AND METHODS OF 
FABRICATING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to semiconductor memory devices 
and methods of fabricating the same and, more particularly, to 
electrically erasable programmable read only memory (EEPROM) cells 
and methods of fabricating the same. 

BACKGROUND 

In general, EEPROM cells have floating gates similar to erasable 
programmable read only memory (EPROM) cells. Further, EEPROM 
cells and EPROM cells are programmed or erased by injecting electrons 
into the floating gates or ejecting the electrons out of the floating gates. 
However, mechanisms for injecting electrons and ejecting electrons of 
EEPROM cells are quite different from those of EPROM cells. 

In an EPROM cell, channel hot electrons, which are accelerated 
from a source region toward a drain region, are injected into the floating 
gate during the programming operation, and the electrons stored in the 
floating gate are ejected by energy of ultra-violet (UV) light during the 
erasing operation. However, in an EEPROM cell, the programming 
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operation and erasing operation are achieved by Fowler-Nordheim (FN) 
tunneling current that flows through a tunnel oxide layer under a high 
electric field of about lOMV/cm. 

Typically, a floating gate tunnel oxide (FLOTOX) based-type 
5 memory of EEPROM device has a unit cell composed of two transistors, 
e.g., a selection transistor for addressing a desired cell and a memory 
transistor for storing data. The memory transistor includes a floating gate 
where the data is stored, a control gate electrode for controlling the 
operation of the memory transistor, and an inter-gate dielectric layer 
10 interposed between the floating gate and the control gate electrode. 

FIGS. 1 to 3 are cross sectional views illustrating a conventional 
method of fabricating an EEPROM cell. 

Referring to FIG. 1, a first photoresist pattern 14 is formed on a 
semiconductor substrate 10. The photoresist pattern 14 is formed 
15 having an opening that exposes a predetermined region of the 

semiconductor substrate 10. Impurity ions are implanted into the 
semiconductor substrate 10 using the photoresist pattern 14 as an 
implantation mask, thereby forming a buried N+ region 16. 

Referring to FIG. 2, the photoresist pattern 14 is removed, and a 
20 gate oxide layer 12 is formed on the semiconductor substrate where the 
photoresist pattern 14 is removed. A second photoresist pattern 15 is 
formed on the gate oxide layer 12. The second photoresist pattern 15 
has an opening that exposes the gate oxide layer 12 on the buried N+ 
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region 16. The gate oxide layer 12 is etched using the second 
photoresist pattern 15 as an etching mask, thereby exposing the buried 
N+ region 16 and defining a tunnel region 20 on the buried N+ region 16. 

Referring to FIG. 3, the second photoresist pattern 15 is removed, 
and a tunnel oxide layer 22 is formed in the tunnel region 20. 
Subsequently, a memory gate 34 and a selection gate 36, which are 
spaced apart from each other, are formed on the substrate having the 
tunnel oxide layer 22. The memory gate 34 is formed having a floating 
gate 24a, an inter-gate dielectric layer 30a and a control gate electrode 
oxide layer, which are sequentially stacked over the tunnel region 20. 
The selection gate 36 is formed having a lower selection gate 24b, an 
inter-gate dielectric layer 30b and an upper selection gate 32b, which are 
sequentially stacked on the gate oxide layer 12. Though not shown in 
the figure, the lower selection gate 24b is electrically connected to the 
upper selection gate 32b. Impurity ions are then implanted into the 
semiconductor substrate 10 using the memory gate 34 and the selection 
gate 36 as implantation masks, thereby forming a cell depletion region 
38 and source/drain regions 40 and 42. 

According to the foregoing method, the buried N+ region 16 and 
the tunnel region 20 are defined by two separate and different 
photolithography steps. Accordingly, the tunnel region 20 may be 
misaligned with the buried N+ region 16 as shown in FIG. 4. 



FIG. 4 is a cross sectional view illustrating a pair of FLOTOX- 
based EEPROM cells, which are formed to be symmetrical about a 
common source region 40 shared by a pair of EEPROM cells. Each of 
the pair of EEPROM cells has the same structure as shown in FIG. 3. 
5 Referring to FIG. 4, the tunnel regions 20 may be shifted toward a 

single direction by a distance "a" due to the misalignment that occurs 
during the photolithography process for defining the tunnel regions 20. 
As the distance "a" increases, the overlap area between the tunnel oxide 
layer 22 and the buried N+ region 16 can be reduced, thereby 
10 significantly decreasing the program and erasure efficiency of EEPROM 
cells. 

Therefore, there is a need for EEPROM cells having uniform 
overlap areas between the tunnel regions and the buried N+ regions 
throughout the substrate to improve program, erasure and read operations 
15 of EEPROM devices. 

SUMMARY OF THE INVENTION 

Provided are EEPROM cells and methods of fabricating an 
EEPROM cell. According to an exemplary embodiment of the present 
20 invention, an EEPROM cell includes an isolation layer formed at a 

predetermined region of a semiconductor substrate to define an active 
region. A source region, a buried N+ region and a drain region, which 
are separated from one another, are disposed in the active region along a 
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direction parallel to the active region. A cell depletion region is located 
in the active region between the buried N+ region and the drain region. 
The cell depletion region is also connected to the buried N+ region. 
The active region between the source region and the buried N+ region 
5 corresponds to a first channel region, and the active region between the 
cell depletion region and the drain region corresponds to a second 
channel region. A memory gate is disposed over the first channel 
region and is extended to cover the buried N+ region. A tunnel region 
is interposed between the buried N+ region and the memory gate. The 

10 tunnel region is self-aligned with the buried n+ region. In other words, 
distances between the edges of the tunnel region and the buried N+ 
region are equal at every place. 

According to an exemplary embodiment of the present invention, 
a method includes forming an isolation layer at a predetermined region 

15 of a semiconductor substrate to define an active region. A gate oxide 
layer is formed on the active region. A mask pattern is formed on the 
substrate having the gate oxide layer. The mask pattern has an opening 
that exposes a portion of the gate oxide layer. N-type impurity ions are 
implanted into the active region using the mask pattern as an ion 

20 implantation mask, thereby forming a buried N+ region in the active 

region. A spacer pattern is formed on a sidewall of the opening. The 
spacer pattern defines a tunnel region. The gate oxide layer in the 
tunnel region is etched using the spacer pattern and the mask pattern as 
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etching masks, thereby exposing the semiconductor substrate in the 
tunnel region. The mask pattern and the spacer pattern are removed, 
and a tunnel oxide layer is formed on the exposed semiconductor 
substrate in the tunnel region. A memory gate and a selection gate, 
5 which are spaced apart from each other, are formed on the substrate 

having the tunnel oxide layer. The memory gate is formed to cover the 
buried N+ region. 

According to another exemplary embodiment of the present 
invention, a method of fabricating a self-aligned tunnel region in an 

10 electrically erasable programmable read only memory (EEPROM) cell is 
disclosed. The method comprises forming a gate oxide layer on an active 
region of a semiconductor substrate, forming a mask pattern having 
predetermined areas that expose a portion of the gate oxide layer, 
implanting impurity ions into the active region using the mask pattern as 

15 an ion implantation mask to form the buried N+ region, conformally 

forming a spacer insulating layer on the semiconductor substrate having 
the buried N+ region, anisotropically etching the spacer layer to form 
spacer patterns on sidewalls of the predetermined areas to define tunnel 
regions above the buried N+ region, etching the gate oxide layer using 

20 the mask pattern and the spacer patterns as etching masks to expose the 
buried N+ region in the tunnel regions, removing the mask pattern and 
the spacer pattern, and forming a tunnel oxide layer on the exposed 
buried N+ regions. 
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Thus, EEPROM cells having uniform overlap areas between the 
. tunnel regions and the buried N+ regions throughout the substrate to 
improve program, erasure and read operations of EEPROM devices, and 
methods for forming EEPROM cells are disclosed. 
5 These and other exemplary embodiments, features, aspects, and 

advantages of the present invention will be described and become 
apparent from the following detailed description of the exemplary 
embodiments when read in conjunction with the accompanying drawings. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 3 are cross sectional views illustrating a conventional 
method of fabricating an EEPROM cell. 

FIG. 4 is a cross sectional view, illustrating a disadvantage of the 
conventional method as described in FIGS. 1 to 3. 
15 FIG. 5 is a top plan view illustrating EEPROM cells according to 

an exemplary embodiment of the present invention. 

FIG. 6 is a cross sectional view taken along the line A-A of FIG. 5. 

FIGS. 7 to 11 are cross sectional views illustrating methods of 
fabricating EEPROM cells according to exemplary embodiments of the 
20 present invention. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 



The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in which 
exemplary embodiments of the invention are shown. This invention 
may, however, be embodied in different forms and should not be 
construed as limited to the exemplary embodiments set forth herein. 
Rather, these exemplary embodiments are provided so that this 
disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. In the drawings, the 
thickness of layers and regions are exaggerated for clarity. It will also 
be understood that when a layer is referred to as being "on" another layer 
or substrate, it can be directly on the other layer or substrate, or 
intervening layers may also be present. Like numbers refer to like 
elements throughout the specification. 

FIG. 5 is a top plan view a pair of EEPROM cells according to an 
exemplary embodiment of the present invention, and FIG. 6 is a cross 
sectional view taken along the line A-A of FIG. 5. 

Referring to FIGS. 5 and 6, an isolation layer 53 is disposed at a 
predetermined region of a semiconductor substrate 50 to define an active 
region. A pair of memory gates 74 are disposed to cross over the active 
region. Each of the memory gates 74 includes a floating gate 64a, an 
inter-gate dielectric layer 70a and a control gate electrode 72a, which are 
sequentially stacked. A source region 80 is formed at the active region 
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between the pair of memory gates 74. The active region between the 
pair of memory gates 74 may be extended to be parallel to the memory 
gated 74 as shown in FIG. 5. In this case, the source region 80 may have 
a line configuration. A pair of cell depletion regions 78 are formed at 
5 the active regions, which are adjacent to the memory gates 74 and are 
located on opposite the source region 80. A gate oxide layer 52 is 
interposed between the memory gates 74 and the semiconductor substrate 
50. A pair of buried N+ regions 56 are disposed at the active regions, 
which are in contact with the cell depletion regions 78, and spaced apart 
10 from the source region 80. Thus, the memory gates 74 are disposed to 
cross over the buried N+ regions 56 and are extended to cover first 
channel regions between the buried N+ regions 56 and the source region 
80. 

Tunnel regions 60 are located between the memory gates 74 and 
15 the buried N+ regions 56. A tunnel oxide layer 62 is disposed in each 
of the tunnel regions 60. The tunnel regions 60 are self-aligned with 
the buried N+ regions 56, and the buried N+ regions 56 are wider than 
the tunnel regions 60. In other words, distances "b" between the edges of 
the tunnel regions 60 and the buried N+ regions 56 are equal at every 
20 place. The memory gate 74, the source region 80 and the buried n+ 

region 56 under the memory gate 74 comprise a memory transistor. Thus, 
a pair of memory transistors are disposed at the active region and are 
symmetrically disposed about the source region 80. 
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A pair of selection gates 76 are disposed to cross over the active 
region and are adjacent to the cell depletion regions 78. Each of the 
selection gates 76 includes a lower selection gate 64b 3 an inter-gate 
dielectric layer 70b and an upper selection gate 72b 5 which are 
sequentially stacked. Though not shown in the figure, the lower 
selection gates 64b can be electrically connected to the upper selection 
gates 72b through contact holes (for example, butted contact holes) that 
penetrate the inter-gate dielectric layer 70b. A pair of drain regions 82 
are formed at the active regions adjacent a side of the selection gates 76 
opposite the side where the cell depletion regions 78 are disposed. Thus, 
the selection gates 76 are disposed to cross over second channel regions 
between the drain regions 82 and the cell depletion regions 78. The 
gate oxide layer 52 is also interposed between the selection gates 76 and 
the second channel regions. 

The drain region 82, the selection gate 76 adjacent to the drain 
region 82 and the cell depletion region 78 adjacent to the selection gate 
76 comprise a selection transistor. Therefore, a pair of selection 
transistors are disposed to be adjacent to the memory transistors. The 
single memory transistor and the single selection transistor, which are 
adjacent to each other, comprise a single EEPROM cell. Thus, a pair of 
EEPROM cells, which are symmetrically disposed about the source 
region 80, are disposed at the active region. 
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FIGS. 7 to 11 are cross sectional views, taken along the line A-A 
of FIG. 5, illustrating methods of fabricating EEPROM cells according to 
exemplary embodiments of the present invention. 

Referring to FIG. 7, an isolation layer (53 of FIG 5) is formed at 
a predetermined region of a semiconductor substrate 50 to define an 
active region. A gate oxide layer 52 is formed on the active region. The 
gate oxide layer 52 may be formed having a thickness in a range of about 
250 angstrom to about 350 angstrom. A mask pattern 54 is formed on 
the substrate having the gate oxide layer 52. The mask pattern 54 is 
formed having openings that expose predetermined portions of the gate 
oxide layer 52. N-type impurity ions are implanted into the active 
region using the mask pattern 54 as an ion implantation mask, thereby 
forming a pair of buried N+ regions 56. 

Referring to FIG. 8, a spacer insulating layer is conformably 
formed on the substrate having the buried N+ regions 56. The spacer 
insulating layer is anisotropically etched to form spacer patterns 58 on 
sidewalls of the openings. The spacer patterns 58 define tunnel regions 
60 on the buried N+ regions 56. Thus, the tunnel regions 60 are self- 
aligned with the buried N+ regions 56. The mask pattern 54 and the 
spacer patterns 58 are preferably formed of a material having an etch 
selectivity with respect to the gate oxide layer 52. For example, the 
mask pattern 54 and the spacer patterns 58 may be formed of a silicon 
nitride layer. The gate oxide layer 52 is then etched using the mask 
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pattern 54 and the spacer patterns 58 as etching masks, thereby exposing 
the buried N+ regions 56 in the tunnel regions 60. The gate oxide layer 
52 in the tunnel region 60 may be etched using a wet etching technique. 

Referring to FIG. 9, the mask pattern 54 and the spacer patterns 
58 are removed. The mask pattern 54 and the spacer patterns 58 may be 
removed using a wet etching technique. Thus, edges of the tunnel 
regions 60 are self-aligned with edges of the buried N+ regions 56 as 
described above. In other words, distances "b" between the edges of 
the tunnel regions 60 and the buried N+ regions 56 are equal at every 
place, thereby preventing the tunnel regions 60 from being misaligned 
with the buried N+ regions 56. In addition, the distances "b" may depend 
on the width of the spacer patterns 58. 

A tunnel oxide layer 62 is formed on the buried N+ regions in the 
tunnel regions 60. The tunnel oxide layer 62 may be formed using a 
thermal oxidation technique. In this case, the tunnel oxide layer 62 can 
be formed with two different steps of thermal oxidation to reduce an 
interface trap density between the tunnel oxide layer 62 and the buried 
N+ regions 56. Further, the thermal oxidation process may include a first 
thermal oxidation process performed using an oxygen gas as an ambient 
gas, and a second thermal oxidation process performed using a NO gas or 
a N 2 0 gas as an ambient gas. In particular, nitrogen atoms of the NO 
gas or the N 2 0 gas passivate the interfaces between the initial tunnel 
oxide layer and the buried N+ regions 56 during the second thermal 



12 



process, thereby reducing the interface trap density between the tunnel 
oxide layer 62 and the buried N+ regions 56. 

Referring to FIG. 10, floating gate patterns 64a and lower 
selection gates 64b are formed on the substrate having the tunnel oxide 
layer 62. The floating gate patterns 64a and the lower selection gates 
64b can be formed using conventional techniques. More specifically, the 
floating gate patterns 64a are formed to cover the buried N+ regions 56 
and are extended to overlap with the active regions adjacent to the N+ 
regions 56. Also, both ends of the respective floating gate patterns 64a 
may overlap the isolation layer (53 of FIG. 5) adjacent to the active 
regions. In addition, the lower selection gates 64b are formed to cross 
over the active regions and the isolation layer 53 therebetween. 

Referring to FIG. 11, control gate electrodes 72a are formed to 
cross over the floating gate patterns 64a, and upper selection gates 72b 
are formed to stacked over the lower selection gates 64b. Thus, the 
control gate electrodes 72a and the upper selection gates 72b are formed 
to be parallel to each other. An inter-gate dielectric layer 70a is 
interposed between the floating gate patterns 64a and the control gate 
electrodes 72a. In addition, an inter-gate dielectric layer 70b is 
interposed between the lower selection gates 64b and the upper selection 
gates 72b. 

The inter-gate dielectric layer 72b may be etched to expose a 
predetermined region of the respective lower selection gates 64b prior to 
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the formation of the upper selection gates 72b. Thus, each of the upper 
selection gates 72b is electrically connected to the lower selection gate 
64b thereunder. Alternatively, the upper selection gates 72b can be 
electrically connected to the lower selection gates 64b using a 
conventional butted contact technique. 

According to the exemplary embodiments of the present invention 
as described above, the tunnel regions are self-aligned with the buried 
N+ regions. Thus, it is possible to obtain uniform overlap areas between 
the tunnel regions and the buried N+ regions throughout the substrate, 
thereby improving the program, erasure and read operations of EEPROM 
devices. 
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